OBJECTIVE: To determine if method of weight loss (surgery; non-surgery) is associated with current levels of psychosocial functioning or current weight maintenance behaviors in individuals who have lost large amounts of weight. DESIGN: Subjects were 67 cases and 67 controls selected from the National Weight Control Registry, a longitudinal study of individuals successful at long-term maintenance of weight loss. Cases had initially lost weight through bariatric surgery while controls had lost weight through non-surgical means. The current psychosocial functioning and weight maintenance behaviors of cases and controls were assessed and compared. RESULTS: Cases and controls were matched on gender, current weight and total weight loss. Surgical cases reported signi®cantly higher fat intake and lower physical activity levels. There were no differences in cases' and controls' reports of the impact of weight loss on other areas of their lives, neither were there differences on measures of depression or binge-eating. CONCLUSIONS: Reported improvement in psychosocial functioning did not depend upon how weight was initially lost, but cases and controls appear to be using very different behaviors to maintain their weight losses.
Introduction
Outcome studies of surgical treatments for obesity have demonstrated that such procedures produce signi®cant long-term weight loss as well as improvement in psychosocial functioning. 1 The average patient who undergoes the gastric bypass operation loses 66% of their excess weight within 2 y, 60% at 5 y and 50% at 10 y. 2, 3 The weight loss with vertical banded gastroplasty is somewhat less. Recent studies have found that improvements in psychosocial functioning are well maintained at up to 2 y post-surgery 4, 5 and that the degree of improvement achieved is a function of the magnitude of weight loss. 4, 6 It has been suggested that the positive changes observed in individuals who have undergone obesity surgery are a direct result of the method used to achieve weight loss, and that signi®cant weight loss achieved by other, non-surgical, means is likely to produce adverse emotional responses. 7, 8 Improvements in psychosocial status as a result of weight loss have been documented in several studies of behavior therapy for obesity, 9 but the mean weight loss in these studies typically has not matched the weight loss observed in surgically treated subjects. Thus, it has not been possible to make direct comparisons of the psychosocial consequences of substantial weight loss between subjects who lost weight through bariatric surgery and subjects who lost weight through other means. The National Weight Control Registry is an ongoing longitudinal study of individuals who have been successful at maintaining signi®cant weight loss. The average weight loss of individuals enrolled in the registry is 66 lb and 14% of registry members have lost 100 lb or more. 10 The present study used this registry to compare current levels of psychosocial functioning and weight maintenance behaviors in subjects who achieved a substantial weight loss through obesity surgery with subjects who utilized non-surgical methods to achieve a signi®cant weight loss.
Methods

Subjects
Subjects were 67 cases and 67 controls selected from the National Weight Control Registry (NWCR), a longitudinal study of individuals successful at longterm maintenance of weight loss. To enroll in the NWCR, a participant must have lost at least 30 lb and have maintained at least a 30 lb loss for 1 y or longer. Subjects are recruited through coverage of the registry provided by local and national media, articles placed in health-related magazines and newsletters, and mailings sent by commercial weight loss programs to current members. To enrich the sample of subjects who had undergone surgical procedures for weight loss, a single mailing containing information about the registry was sent to approximately 500 bariatric surgery patients at a university medical center in the southern United States.
Of 2628 subjects who had completed baseline assessments, 91 reported they had undergone a surgical procedure to lose weight. Review of these subjects' questionnaires indicated that 22% had undergone a surgical procedure (eg. abdominoplasty) that was not for the primary purpose of weight loss. These 20 subjects were excluded from further analyses. Each remaining surgical case was then computer-matched to a control (based on gender, current weight AE 20 lb, and total weight loss AE 20 lb) who had lost weight through non-surgical means (eg, commercial weight loss program, on own). Matches could not be found for four surgical cases, resulting in a ®nal n of 134 (67 cases, 67 non-surgical controls).
Baseline assessments
At entry into the registry, all subjects completed a comprehensive baseline questionnaire packet which includes questions about weight loss strategies, as well as several psychosocial measures. A detailed description of the study design and assessments are reported elsewhere, 10 so only a brief overview of methods is provided here.
Demographics and weight history. Subjects completed a questionnaire requesting standard demographic (age, gender) and weight history information (age at onset of overweight, maximum lifetime weight, current weight, parents' weight status, lifetime weight cycling, frequency of night eating). All subjects responded yes or no to a series of questions about use of different weight loss methods, eg, commercial program or surgical procedure. Subjects were also asked to provide a`weight history time line' Ð a short written narrative in which they brie¯y described the weight losses and weight gains they had experienced as adults. Details provided in the time line were used to determine the types of procedures undergone by surgical cases. Weight information reported by registry subjects has been previously shown to have adequate reliability and validity.
11
Current eating and activity levels. Current dietary intake was reported using the scannable Health Habits and History Questionnaire, a semi-quantitative food frequency questionnaire developed by Block and colleagues. 12 Total daily energy intake and percentage of daily energy intake derived from fat, carbohydrate and protein were used for analyses. Subjects also completed the Eating Inventory, 13 a 51-item questionnaire which assesses cognitive restraint (degree of conscious control over eating), disinhibition (susceptibility to loss of control over eating), and perceived hunger. Two additional questions assessed the number of times per day subjects typically eat (including all meals and snacks), and how often, in an average week, they eat at restaurants.
The Paffenbarger Activity Questionnaire 14 was used to provide estimates of total energy expenditure over the past week, as well as estimates of energy expended through stair-climbing, walking and light, moderate and heavy intensity activities. The PAQ has been shown to correlate with levels of cardiovascular ®tness. 15 Quality of life. Subjects used a ®ve-point scale (1 very much worsened; 3 no difference; 5 very much improved) to rate the changes that had occurred in their lives as a result of weight loss maintenance (eg, impact on physical health, mood, mobility, interactions with others, job performance, time spent thinkingadreaming about food). Subjects also completed the Centers for Epidemiologic Studies Depression Scale (CES-D 16 ) and two questions assessing frequency of binge-eating and self-induced vomiting in the past 28 days (from the Eating Disorders Examination Questionnaire). 17 
Statistics
All analyses were completed using The SAS System for Windows version 6.12 (SAS Institute Inc., Cary NC). Between-group comparisons were analyzed using paired t-tests or, in the case of non-normally distributed or ordinal data, the signed rank test.
Results
Subject characteristics
Of the 67 surgical cases, 58% (39) reported having undergone gastric bypass (GBP), 18% (12) reported having undergone vertical banded gastroplasty (VBG), and 24% (16) did not specify the type of surgical procedure.* Sixty-four percent (43a67) of non-surgical controls reported losing weight with the help of either a commercial program, self-help group Case-control study of weight maintenance ML Klem et al or contact with a health or weight-control professional (doctor, dietician, psychologist, personal trainer). The remaining 36% (24a67) of controls lost weight without any formal assistance. The demographic and weight characteristics of the 67 cases and 67 matched controls are displayed in Table 1 . The average age of subjects was 44 AE 10.4 y, and the majority were women, Caucasian, and relatively well educated. At their maximum lifetime weights, subjects were signi®cantly overweight, with a maximum weight of 304AE 58.5 lb and a maximum body mass index (BMI) of 48 AE 8.8. The average total weight loss for the sample was 124 AE 39.5 lb, and subjects had a current BMI of 29AE 5.9. Surgical cases had maintained their weight losses for 1.9 y, while controls had maintained their weight losses for 3.1 y. This difference was not statistically signi®cant (P 0.23).
There were no differences in the percentage of surgical and non-surgical subjects who reported their parents were overweight or in levels of weight cycling for the two groups (see Table 1 ). Non-surgical controls reported having become overweight at an earlier age (P 0.02).
Current eating and activity levels
Total daily energy intakes for cases and controls were not signi®cantly different (Table 2) . However, nonsurgical controls reported obtaining a smaller proportion of daily energy from fat (non-surgical controls 22.5% and cases 34.8%; P 0.0001), and a larger proportion of daily energy from carbohydrates (non-surgical controls 57.9% and cases 46.6%; P 0.0001) and protein (non-surgical controls 19.4% and cases 17.8%; P 0.049). The two groups did not differ in the number of eating episodes per day; however, surgical cases reported eating in restaurants slightly more frequently than non-surgical controls (P 0.012). Examination of scores on the Eating Inventory indicated that controls reported higher levels of cognitive restraint (P 0.017), while no between-groups differences were observed on measures of disinhibition or perceived hunger.
Both groups of subjects reported being very physically active (Table 2) . However, non-surgical controls reported current activity levels nearly twice as high as those reported by surgical cases (2984.9 kcal expended per week vs 1504.1 kcal, P 0.0008). This difference appeared to be due to the amount of energy expended through medium and heavy intensity activities (P's`0.02). The groups did not differ on the amount of energy expended weekly through blocks walked, stairs climbed or light intensity activities. In an exploratory analysis, weekly physical activity was split into four levels of caloric expenditure (0 ± 500 kcal, 500 ± 1000, 1000 ± 1500, and 1500 or more) and, for both groups, the distribution of subjects across activity levels was examined. As can be seen in Figure 1 , most non-surgical controls (71%) reported expending 1500 kcal or more per week. This high level of activity was observed in only 30% of surgery cases, while approximately 40% of surgery cases reported expending 500 kcal or less per week. This difference was reliable (P 0.00002).
*Preliminary analyses indicated that the three groups of surgery cases (GBP, VBG and not speci®ed) did not differ on variables of interest. Difference is signi®cant at P`0.02. Figure 1 Distribution of levels of physical activity.
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Quality of life
There were no differences between cases' and controls' ratings of the impact of weight loss maintenance on other aspects of life. As can be seen in Table 3 , the two groups were equally likely to report that weight loss maintenance had led to signi®cant improvements in such areas as mood, self-con®dence, quality of life, physical health, mobility and activity levels, and interactions with others. Twenty-®ve percent of subjects from each group report that weight loss maintenance had worsened the amount of time spent thinking about weight, and 6% ± 13% reported a worsening in time spent thinking or dreaming about food. It has been suggested that scores of 16 or higher on the CES-D indicate increased risk of clinical depression. 16 The proportions of cases and controls with CES-D scores of 16 or greater were not signi®cantly different (cases 32%, controls 26%, P 0.45), and mean scores for the two groups were not 18 include the requirement that binge eating and inappropriate compensatory behavior (eg, vomiting) occur at least twice a week for three consecutive months. Based on this, we examined the proportions of cases and controls who reported bingeing and vomiting at least twice per week in the past month ( Table 4 ). The proportions of cases and controls meeting this criteria were small and not signi®-cantly different (cases 1.6%, controls 0.0%; P 0.32). The mean number of binge-eating episodes in the last 28 days (cases 1.0 AE 4.1, controls 1.5 AE 3.1, P 0.06) and the number of days on which vomiting occurred (cases 0.5 AE 2.6, controls 0.1 AE 0.4) were not signi®cantly different (P b 0.06). Surgical cases were somewhat more likely to report the occurrence of night eating (P 0.05). Six percent of surgical cases reported nightly occurrences of this eating pattern and 3% reported it occurring two to ®ve times a week. In contrast, only 3% of controls reported that night eating occurred more than twice a week.
Discussion
Surgical treatment of obesity produces signi®cant weight loss that is typically accompanied by improvement in psychosocial functioning and eating-related behaviors. 1 It has been suggested that achievement of similar weight loss through non-surgical means may result in adverse emotional consequences. 7, 8 This study compared the psychosocial functioning, as well as current eating and exercise behaviors, of individuals who lost large amounts of weight through surgery to that of individuals who lost comparable amounts of weight through non-surgical means. Results indicate that reported improvement in psychosocial functioning did not depend upon how weight loss occurred (i.e. surgery vs non-surgery), but that the behaviors used by surgical patients to maintain their weight losses were very different from the weight maintenance behaviors used by non-surgical controls.
While there were no differences between the two groups in self-reported total energy intake, the surgical group reported eating a diet considerably higher in fat and lower in carbohydrate and protein than the non-surgical group. Surgical cases also reported much lower levels of usual physical activity than nonsurgical controls. There are several possible reasons for this apparent discrepancy. First, the difference may be due to biases in self-reports of diet and physical activity. The instruments used in the current study to measure energy intake and expenditure were chosen, based on their demonstrated reliability and validity. 12, 15 However, recent research has shown that some subjects tend to underestimate calories consumed by as much as 20% ± 30%, and energy expenditure may also be overestimated. 19 ± 22 It is possible that non-surgical controls may have a greater tendency to bias their reports of fat intake and physical activity to appear compliant with well-known recommendations for permanent weight control: eat less fat and exercise more. Cases, who can attribute weight loss to a surgical procedure, may feel less need to report compliance with such recommendations.
Alternatively, the reported discrepancies in energy intake and expenditure may re¯ect physiological differences between the two groups. GBP can lead to the development of a`dumping syndrome' in which ingestion of large quantities of carbohydrate-rich foods causes unpleasant physical symptoms (eg nausea,¯ushing) and leads to an aversion to such foods. Surgical patients may also obtain less energy from the food they consume, since there may be decreased carbohydrate absorption with bypass of the duodenum. Consequently, these patients would need to expend less energy through physical activity than non-surgical controls to maintain their weight losses. It has also been hypothesized that gastric surgery for obesity produces paradoxical changes in resting energy expenditure 23 or decreased metabolic ef®ciency, 24 and such changes may allow surgery patients to maintain signi®cant weight losses while consuming relatively high levels of dietary fat. Clearly, more detailed studies of these two groups of subjects are needed to answer the question of whether or not the behaviors that maintain weight loss are different between the two groups and, if they are, why this is the case.
Despite apparent differences in fat intake and activity level, non-surgical maintainers' perceptions of the bene®ts of weight maintenance are similar to those reported by surgical weight loss maintainers. The majority of subjects in both groups indicate that weight loss maintenance has been accompanied by signi®cant improvements in general mood, self-con®dence, quality of life, job performance, interactions with family and friends, and time spent on hobbies. Some subjects did report a worsening in time spent thinking about weight. Non-surgical controls were no more likely to report this effect than surgical cases and, for both groups, the complaint was reported by no more than 25% of group members. Thus, this negative effect was experienced by only a minority of subjects and was not related to method of weight loss. It should be noted, however, that our measures of psychosocial status functioning were limited to only several domains. It is possible that assessment of other areas of functioning (eg stress, anxiety) might reveal differences between the two groups. Finally, while the proportions of cases and controls with CES-D scores of 16 or higher were not signi®cantly different, the prevalence rates in these two groups are somewhat higher than rates reported in community-based samples of US adults (eg from 11% to 28% 16,25 ± 27 ). Interpretation of these elevated rates is dif®cult. It
Case-control study of weight maintenance ML Klem et al may be that, for some individuals, large weight losses increase the risk of developing depressive symptoms, regardless of the method used to achieve the weight loss. Alternatively, it has been suggested that degree of obesity is related to the risk of developing obesityrelated psychological problems. 28 It may be that both groups of subjects experienced high levels of depression prior to their successful weight loss, and have maintained somewhat elevated levels even after achieving a substantial decrease in weight. Unfortunately, the cross-sectional nature of our study prevents us from determining if these high levels of depressive symptoms preceded subjects' weight losses or are a consequence of the weight losses.
The fact that surgical and non-surgical participants appear to be utilizing very different behaviors to maintain their weight losses raises an interesting question of whether the health bene®ts of substantial weight losses will be the same for the two groups. For example, the high dietary fat intakes of surgery cases may have an adverse impact on serum cholesterol levels, while the higher levels of physical activity observed in non-surgical controls may lead to more bene®cial changes in blood pressure levels or highdensity-lipoprotein (HDL) levels. Additional studies which examine these parameters would provide valuable information about the processes and consequences of successful weight loss maintenance.
To the best of our knowledge, this is the ®rst study to directly compare, among successful weight loss maintainers, the psychosocial functioning of individuals who utilized obesity surgery to lose weight to the functioning of those who lost similar amounts of weight through non-surgical means. The strengths of this study include its large sample size and its access to weight loss maintainers who are well into the maintenance process. While our results suggest that substantial weight losses achieved through non-surgical means produce positive life changes similar to those reported by surgical patients, some caution should be used in interpreting these ®ndings. Participants in the two groups were volunteers who responded to recruitment letters, and so they may be unusually well-motivated individuals who are not representative of all individuals who lose large amounts of weight through surgical or non-surgical means. It is also possible that, among individuals who achieve substantial weight loss, those who experience adverse effects are less likely to maintain their weight loss and, hence, are less likely to join the registry. Nonetheless, our data indicate that a healthy lifestyle and successful weight loss maintenance are possible for at least some obese individuals.
In conclusion, this study found that substantial weight losses achieved through surgery and nonsurgical means are accompanied by similar improvements in many areas of life functioning. Individuals who used surgery for weight loss and those who lost through non-surgical methods appear to be utilizing very different behaviors to maintain their weight. The reasons for these differences, as well as the healthrelated consequences, should be explored.
